Cognitive impairment and dementia are common in Parkinson's disease (PD), with a long-term cumulative prevalence of 80% for PD dementia (PDD).[@b1] The impact of PDD is substantial and has a major impact on independence, nursing home admission, psychiatric comorbidity, care-giver burden, and mortality.[@b2]--[@b4] Consequently, there is interest in a potential transition stage---PD with mild cognitive impairment (PD-MCI) ---with which to identify those at increased risk for PDD to facilitate intervention studies.[@b5]--[@b11] MCI appears to be common even in newly diagnosed, drug-naive PD patients.[@b12],[@b13] The identification of PD-MCI is important, because patients are at increased risk of developing PDD.[@b7],[@b14],[@b15] Most researchers use psychometric criteria to define PD-MCI by sampling impairments in multiple cognitive domains, because several deficits are implicated as predictors[@b5]--[@b11] of progression to PDD.[@b7],[@b16] The difficulty facing clinicians, however, is that markedly heterogeneous criteria for PD-MCI have been applied, leading, in turn, to a lack of consistency in this research field.[@b6],[@b8],[@b10]

Movement Disorder Society (MDS) Task Force diagnostic criteria for PD-MCI[@b17] and PDD[@b18],[@b19] suggest that level 1 screening for a diagnosis can be made using a scale of global cognitive abilities, and studies indicate that the Montreal Cognitive Assessment (MoCA)[@b20] is more sensitive than the Mini-Mental State Examination (MMSE) in detecting early PD cognitive impairment.[@b21]--[@b23] Level 2 criteria require evidence of cognitive impairment in multiple cognitive domains on lengthier neuropsychological testing.[@b17] Although an MMSE score \< 26 was proposed for PDD diagnosis,[@b19] subsequent studies have suggested that this conservative cutoff will be relatively specific, at the cost of sensitivity.[@b24],[@b25] One suggested approach to this problem is longitudinal follow-up and neuropsychological testing for the diagnosis and characterization of PDD and PD-MCI,[@b26] although current guidelines do not inform on how longitudinal testing aids diagnosis.[@b9],[@b18] A recent study of prevalent cases in patients with a wide range of disease duration indicated that MMSE scores, but not MoCA scores, changed significantly over 3 years.[@b26] Our objectives were to evaluate the frequency of cognitive impairment in a prospective, community-acquired sample of patients who had early PD compared with controls; to identify motor and non-motor correlates of impaired baseline cognition; and to assess the performance of screening tools in detecting longitudinal change. This study adds to previous publications, because our sample comes from a cohort of patients that should be more representative of patients with *typical* PD who have been assessed relatively early in their natural history. In addition, the wide range of other phenotypic variables that have been collected enables correlation with cognitive measures.

Patients and Methods
====================

Patients
--------

Established in September 2010, the Oxford Discovery cohort (<http://opdc.medsci.ox.ac.uk>) comprises patients with idiopathic PD diagnosed in the previous 3.5 years according to UK PD Society Brain Bank diagnostic criteria[@b27] who were recruited from a 2.9 million population. PD patients were prospectively recruited over 2 years after ethics committee approval and verbal/written consent from participants. Clinical information was prescreened to exclude patients who had atypical parkinsonian disorders. Patients underwent standardized assessment by a movement disorders neurologist/research nurse; then, the patients were diagnosed PD, and an estimated clinical probability for this diagnosis was made by the neurologist. Atypical parkinsonian features were screened using the National Institute of Neurological Disorders and Stroke *Parkinson's tool* (NINDS, Bethesda, MD, USA). Patients were excluded from subsequent analysis if they had a \< 90% baseline probability of manifesting PD. Control participants were recruited from partners/friends of PD patients. See Appendix for exclusion criteria.

Participants completed a questionnaire that assessed educational/social history, the EQ-5D Health Questionnaire,[@b28] the Rapid Eye Movement (REM) Sleep Behaviour Disorder (RBD) Questionnaire,[@b29] the Leeds Anxiety and Depression Scale,[@b30] and the Epworth Sleepiness Scale.[@b31] Motor assessments were performed by the neurologist while the patients were taking their usual PD medications in a clinically defined *on* state, including the revised MDS Unified Parkinson's Disease Rating Scale (UPDRS) parts 1 through 4,[@b32] the Hoehn and Yahr scale,[@b33],[@b34] and the Schwab and England (S&E) scale.[@b35] Levodopa ([l]{.smallcaps}-dopa) response was estimated using the Clinical Global Impression (CGI) improvement scale. The [l]{.smallcaps}-dopa equivalent daily dose (LEDD) was calculated for each patient with PD who was receiving medication.[@b36] Cognitive assessments included the MMSE (only the serial sevens test, not the WORLD backward test, was used)[@b37] and the MoCA[@b20]; and phonemic/semantic verbal fluency tests were performed by a Dementias and Neurodegenerative Diseases Research Network (DeNDRoN) nurse who was trained to administer the tests by a clinical neuropsychologist (C. Murray). An additional point on the total MoCA score was added for patients who had ≤ 12 years of education.[@b20] For phonemic and semantic fluency, the total numbers of words generated beginning with F, A, and S and animal and boys' names, respectively, were counted over 60 seconds each. The Purdue pegboard test,[@b38] the 16-item Sniffin' Sticks Odour Identification test,[@b39] the 3-meter Timed Up and Go test[@b40] (3 trials performed), and the Flamingo Balance test[@b41] also were administered. Assessments were repeated after 18 months. Patients were divided into tremor-dominant and postural instability and gait difficulty motor subtypes based on previous work.[@b42]

Statistical Analysis
--------------------

We undertook multivariable linear or logistic regression analyses, controlling for age, education, and sex and for continuous or dichotomous variables for comparisons between patients with PD and controls. Paired *t* tests were used for within-subject baseline with 18-month follow-up comparisons. Pearson's correlation (*r*) was also performed between the S&E scale and motor/non-motor measures. PD and control participants were classified according to their total MoCA scores into groups with normal cognition, MCI, and dementia based on either *screening* cutoff scores from previous studies in PD and elderly control patients[@b20],[@b21],[@b43] or *diagnostic* cutoff scores[@b21] (Table[1](#tbl1){ref-type="table"}). Similarly, we did the same with MMSE scores using previously suggested *screening* cutoff scores[@b21],[@b23] or *diagnostic* MMSE cutoff scores (Table[1](#tbl1){ref-type="table"}), although this provided only two groups: a normal cognition group and a combined MCI and dementia group.[@b6],[@b21],[@b23] For cross-sectional and longitudinal analyses, total scores on the MMSE and MoCA were divided into four cognitive-specific domains (Table[1](#tbl1){ref-type="table"}).[@b26],[@b44] When comparing cognitive-specific domains between the PD group and the control group, scores on serial subtraction and executive-function domain tests were excluded because of differential weighting within the MMSE and the MoCA. We examined potential motor and non-motor predictors of MoCA scores initially controlling only for age, sex, and educational years. See Appendix for an analysis of skewed variables.

###### 

Screening and diagnostic cutoffs, domain breakdowns, and point values for the Montreal Cognitive Assessment and the Mini-Mental State Examination

  MoCA                                                     Score    MMSE                                                     Score
  -------------------------------------------------------- -------- -------------------------------------------------------- --------
  Cutoff values                                                     Cutoff values                                            
  Screening                                                         Screening                                                
  Normal                                                   26--30   Normal                                                   29--30
  MCI                                                      21--25   MCI                                                      27--28
  Dementia                                                 ≤20      Dementia                                                 ≤ 26
  Diagnostic                                                        Diagnostic                                               
  Normal                                                   24--30   Normal                                                   24--30
  MCI                                                      22--23   MCI                                                      ≤ 23
  Dementia                                                 ≤21      Dementia                                                 
  Domains, no. of points[a](#tf1-1){ref-type="table-fn"}            Domains, no. of points[a](#tf1-1){ref-type="table-fn"}   
  Language                                                          Language                                                 
  Naming                                                   3        Name objects                                             2
  Sentence                                                 2        Three-stage command                                      3
                                                                    Read and obey                                            1
                                                                    Write sentence                                           1
  Memory                                                            Memory                                                   
  Recall                                                   5        Recall                                                   3
  Orientation                                              6        Orientation                                              10
  Visuospatial and executive                                        Visuospatial and executive                               
  Cube                                                     1        Copy design                                              1
  Clock                                                    3                                                                 
  Trails                                                   1                                                                 
  Serial sevens                                            3        Serial sevens                                            5
  Executive function                                                Executive function                                       
  Fluency                                                  1        Repeat                                                   1
  Trails                                                   2                                                                 
  Digits                                                   2                                                                 
  Letter                                                   1                                                                 
  Abstraction                                              2                                                                 

Points for each domain were modified from Lessig et al., 2012.^26^

MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination.

Results
=======

Cross-sectional Analysis
------------------------

Fifty-seven percent of all potentially eligible patients who were approached to take part in our study agreed to participate. Non-participants were significantly older than participants (mean age ± standard deviation \[SD\], 73.0 ± 10.6 years; *P* \< 0.001), but there were no sex differences. Six hundred consecutive patients with PD were recruited to the study over 2 years, of whom 82% were assessed as having a ≥ 90% probability of manifesting idiopathic PD at their baseline visit, leaving 492 patients with PD. Cognitive assessment was not possible in six patients, which left 486 patients with PD who were available for study analysis. For details regarding the exclusion of control participants, please see Appendix 1.

Clinical characteristics and cognitive scores are summarized in Table[2](#tbl2){ref-type="table"}. Controls were younger, they were more likely to be women (because, in the main, they were recruited from patient spouses and partners, and the risk of PD is greater for men), and they had a significantly longer duration of education that the PD group; therefore, subsequent group comparisons between the PD group and the control group were adjusted for age, sex, and educational years. Patients had significantly lower scores on the MoCA and the MMSE (*P* \< 0.001 and *P* = 0.001 respectively, adjusting for age, sex, and educational years). According to MoCA scores, the PD group had a significantly poorer performance than the control group in all cognitive domains except language; whereas, according to the MMSE scores, performance was poorer in the PD group for memory and visuospatial domains. Semantic and phonemic verbal fluencies also were significantly worse in the PD group compared with the control group.

###### 

Clinical characteristics and Montreal Cognitive Assessment and Mini-Mental State Examination total and cognitive subdomain scores for the PD group and the control group at baseline

                                             Mean ± SD or no. of patients (%)                 
  ------------------------------------------ ---------------------------------- ------------- -------------
  Age, y                                     67.8 ± 9.4                         63.5 ± 8.9    **\<0.001**
  Total education, y                         13.6 ± 3.5                         15.1 ± 3.5    **\<0.001**
  Education \<12 y                           170 (35.4)                         26 (18.5)     **\<0.001**
  Men                                        298 (61.3)                         50 (35.5)     **\<0.001**
  Disease duration, y                        1.5 ± 1.0                                        
  UPDRS III score                            26.8 ± 11.0                                      
  H&Y stage                                  1.9 ± 0.5                                        
  LEDD, mg[b](#tf2-2){ref-type="table-fn"}   299 ± 212                                        
  Cognitive tests \[maximum score\]                                                           
  Total MMSE \[30\]                          27.3 ± 2.2                         28.4 ± 1.8    **0.001**
  Total MoCA \[30\]                          24.9 ± 3.5                         27.1 ± 2.2    **\<0.001**
  MMSE subdomains                                                                             
  Language \[7\]                             6.7 ± 0.6                          6.8 ± 0.5     0.92
  Memory \[3\]                               2.4 ± 0.8                          2.8 ± 0.5     **\<0.001**
  Orientation \[10\]                         9.8 ± 0.5                          9.9 ± 0.4     0.25
  Visuospatial \[1\]                         0.9 ± 0.3                          1.0 ± 0.2     **0.05**
  MoCA subdomains                                                                             
  Language \[5\]                             4.4 ± 0.8                          4.7 ± 0.6     0.13
  Memory \[5\]                               2.7 ± 1.6                          3.9 ± 1.2     **\<0.001**
  Orientation \[6\]                          5.9 ± 0.4                          6.0 ± 0.2     **\<0.05**
  Visuospatial \[5\]                         4.0 ± 1.1                          4.4 ± 0.7     **\<0.03**
  Total phonemic fluency                     38.8 ± 13.9                        45.7 ± 13.1   **0.001**
  Total semantic fluency                     34.6 ± 9.1                         41.0 ± 9.1    **\<0.001**

*P* values were calculated from a regression model adjusting for age, sex, and years of education. Values in bold indicate significant results (*P* \< 0.05) comparing the PD group with the control group.

In total, 11.1% of patients with PD were untreated.

SD, standard deviation; PD, Parkinson's disease; UPDRS III, Unified Parkinson's Disease Rating Scale, part III (motor assessment); H&Y, Hoehn and Yahr; LEDD, levodopa equivalent daily dose; MMSE, Mini-Mental Health Examination; MoCA, Montreal Cognitive Assessment.

The bubble plot in [Figure 1](#fig01){ref-type="fig"} compares the ability of the MoCA versus the MMSE to detect cognitive impairment using screening thresholds. The plot indicates that 8.8% of patients with PD who had normal cognition according to MMSE total scores were classified with impaired cognition according to MoCA total scores; conversely, 26.5 % of patients with PD who had normal cognition according to MoCA total scores were classified as cognitively impaired according to MMSE total scores. Using diagnostic thresholds, 3.1% of PD patients who had normal cognition according to the MMSE were impaired according to the MoCA, whereas 0.8% of patients with PD who had normal cognition according to the MoCA were classified as impaired according to the MMSE. Using MMSE total scores at *screening threshold*, 37.4%, 32.1%, and 30.5% of patients in the PD group and 63.8%, 19.9%, and 16.3% of participants in the control group were classified as having normal cognition, MCI, and dementia, respectively. Using MMSE total scores at *diagnostic threshold*, 92.8% and 7.2% of PD patients and 98.6% and 1.4% of controls were classified as having normal cognition and PD-MCI/PDD combined, respectively. When MoCA total scores were used at *screening threshold*, 47.7%, 40.5%, and 11.7% of PD patients were classified as having normal cognition, MCI, and dementia, respectively; whereas 78.7% and 21.3% of controls were classified as having normal cognition and MCI, respectively (no controls were classified with dementia). When the MoCA total score was used at *diagnostic threshold*, 69.5%, 14.2%, and 16.3% of patients in the PD group were classified as having normal cognition, MCI, and PDD, respectively, compared with 92.9%, 6.4%, and 0.7% of control participants.

![This bubble plot illustrates Montreal Cognitive Assessment (MoCA) versus Mini-Mental State Examination (MMSE) total scores for the Oxford Discovery cohort of 486 patients with early Parkinson's disease. The size of each bubble is proportional to the number of patients with each corresponding MoCA/MMSE total score. Solid bubbles indicate patients who were classified as cognitively normal on screening MMSE scores but as cognitively impaired using screening MoCA scores; whereas striped bubbles indicate patients who were classified as cognitively normal on screening MoCA scores but as cognitively impaired using screening MMSE scores.](mds0029-0351-f1){#fig01}

Significant correlations between the S&E scale and motor measures were observed in the PD group (total UPDRS part 2 \[activities of daily life\], *r* = −0.55; total UPDRS part 3 \[motor evaluation\], *r* = −0.41; Hoehn and Yahr stage, *r* = −0.36; all *P* \< 0.001). Weaker correlations also were observed with cognitive measures (MMSE total score, *r* = 0.13; *P* = 0.004; MoCA total score, *r* = 0.19; *P* \< 0.001). The difference in S&E scores for participants with dementia/MCI versus normal cognition was much smaller using MMSE diagnostic thresholds (difference, −2.6; *P* = 0.15) compared with MoCA diagnostic thresholds (difference, −4.2; *P* = 0.001).

Using a multivariable linear regression model (Table[3](#tbl3){ref-type="table"}), we observed that a range of motor and non-motor variables predicted worse MoCA scores in the expected direction: Hoehn and Yahr stage, annualized UPDRS score, Timed Up and Go test, Purdue pegboard, and Flamingo Balance; although total UPDRS score, motor subtypes, LEDD, and the CGI did not. Scores on the Leeds Anxiety and Depression Scale and the Sniffin' Sticks Odour Identification test also predicted MoCA scores, whereas Epworth Sleepiness Scale/RBD scores did not. These predictors were independent of older age group, male gender, and fewer educational years, all of which were strong predictors of a worse MoCA score. Patients with hyposmia scored worse (−1.12; 95% confidence interval \[CI\], −1.84 to −0.39) than normosmics. Patients with clinical depression (≥ 7) scored slightly worse (−1.20; 95% CI, −1.96 to −0.44; *P* = 0.002) than patients with anxiety (≥ 7; −1.10; 95% CI, −1.96 to −0.25; *P* = 0.01). In the multivariable model, we did not include both the depression and anxiety scores together (correlation coefficient, 0.52) but chose depression, because, depending on the other covariates, this demonstrated a stronger effect (β coefficient for depression: z-score, −0.20; 95% CI, −0.49 to 0.09; *P* = 0.18). The final model identified effects for both motor and non-motor predictors as well as age and educational years (adjusted R^2^for final model = 22%). Repeat sensitivity analyses using robust standard errors and a log~e~-transformed version of the MoCA produced very similar results.

###### 

Motor and non-motor predictors of baseline Montreal Cognitive Assessment score

                                                              Simple model[a](#tf3-1){ref-type="table-fn"}   Final model                                          
  ----------------------------------------------------------- ---------------------------------------------- ---------------- ---------- ------- ---------------- ----------
  Motor                                                                                                                                                           
  H&Y stage II vs I                                           −0.63                                          −1.34 to 0.09    0.09                                
  H&Y stage III vs I                                          −1.90                                          −3.14 to −0.65   0.003                               
  *P* value for trend                                                                                                         0.004                               
  UPDRS III z-score                                           −0.26                                          −0.65 to 0.13    0.20                                
  Annualized UPDRS, per log~e~ unit                           −0.63                                          −1.04 to −0.21   0.003      −0.39   −0.81 to 0.04    0.07
  Timed up and go test, per quartile                          −0.57                                          −0.83 to −0.31   \<0.0001   −0.43   −0.70 to −0.16   0.002
  Purdue pegboard test, z-score                               0.99                                           0.62 to 1.36     \<0.0001   0.74    0.34 to 1.14     \<0.0001
  Flamingo balance test, \< 30 s                              −0.72                                          −1.35 to −0.09   0.03                                
  Postural instability and gait dominant vs tremor dominant   −0.57                                          −1.25 to 0.11    0.10                                
  Indeterminate vs tremor dominant                            0.30                                           −0.79 to 1.38    0.59                                
  CGI change per group[b](#tf3-2){ref-type="table-fn"}        −0.04                                          −0.46 to 0.38    0.85                                
  Nonmotor                                                                                                                                                        
  Leeds anxiety general scale, per quartile                   −0.33                                          −0.59 to −0.07   0.01                                
  Leeds depression general scale, per quartile                −0.42                                          −0.66 to −0.17   0.001      −0.18   −0.43 to 0.07    0.17
  Sniffin odor identification, z-score                        0.49                                           0.13 to 0.84     0.008      0.49    0.14 to 0.84     0.007
  Epworth sleep score, per quartile                           −0.15                                          −0.41 to 0.11    0.26                                
  RBD score, per quartile                                     −0.17                                          −0.42 to 0.08    0.18                                
  General                                                                                                                                                         
  Current age, per 10 y                                       −0.95                                          −1.27 to −0.64   \<0.0001   −0.40   −0.74 to −0.06   0.03
  Men                                                         −1.10                                          −1.70 to −0.51   \<0.0001   −0.69   −1.32 to 0.05    0.06
  Education years, per y                                      0.22                                           0.13 to 0.30     \<0.0001   0.16    0.08 to 0.25     \<0.0001

All variables in the simple model are adjusted for age, sex, and educational years. Variables in the final model are mutually adjusted for each other.

CGI groups were categorized as very much improvement, much improved, minimal, no change, or worsening.

Coeff, coefficient; CI, confidence interval; H&Y, Hoehn and Yahr; UPDRS-III, Unified Parkinson's Disease Rating Scale part III (motor assessment); CGI; Clinical Global Impression improvement scale; RBD, Rapid Eye Movement Sleep Behavior Disorder Questionnaire.

Longitudinal Analysis
---------------------

Longitudinal data were available for 155 consecutively recruited patients with PD at 18 months after their baseline assessment (90% overall study retention rate) (Table[4](#tbl4){ref-type="table"}). The remaining 314 patients had not yet reached the 18-month follow-up period. Patients who were lost to follow-up showed a non-significant trend toward older age (mean ± SD age, 71.5 ± 9.1 years) but did not differ according to sex compared with patients who were retained in follow-up. Only the MoCA total score showed a significant decline over the 18 months (*P* \< 0.001), and the MMSE total score showed no significant change (*P* = 0.12) (Table[4](#tbl4){ref-type="table"}). An analysis of the MoCA-derived cognitive subdomain scores within the longitudinal PD cohort demonstrated significant longitudinal reductions in memory and orientation domains, whereas only the orientation domain reduced significantly over time using the MMSE-derived cognitive scores. There was a significant reduction in total semantic scores but not in phonemic fluency scores. The mean derived rate of change from baseline to 18 months of follow-up was −0.53 points per year (95% CI, −0.22 to 0.84 points per year) using the MoCA and −0.16 points per year (95% CI, −0.37 to 0.05 points per year) using the MMSE total score.

###### 

Montreal Cognitive Assessment and Mini-Mental State Examination total and cognitive subdomain scores for the longitudinal PD cohort (n = 155)

                           Mean score ± SD                 
  ------------------------ ----------------- ------------- -------------
  Total MMSE score         27.6 ± 2.1        27.4 ± 2.4    0.12
  Total MoCA score         25.7 ± 3.0        24.9 ± 3.4    **\<0.001**
  MMSE subdomains                                          
  Language                 6.7 ± 0.6         6.7 ± 0.6     0.83
  Memory                   2.4 ± 0.7         2.4 ± 0.7     0.40
  Orientation              9.9 ± 0.4         9.6 ± 0.7     **\<0.001**
  Visuospatial             0.9 ± 0.3         0.9 ± 0.3     0.23
  MoCA subdomains                                          
  Language                 4.5 ± 0.7         4.5 ± 0.7     0.24
  Memory                   3.0 ± 1.6         2.2 ± 1.7     **\<0.001**
  Orientation              5.9 ± 0.4         5.8 ± 0.5     **0.009**
  Visuospatial             4.2 ± 1.0         4.1 ± 0.9     0.10
  Total phonemic fluency   41.0 ± 13.4       41.1 ± 14.0   0.89
  Total semantic fluency   36.1 ± 8.4        33.4 ± 9.9    **\<0.001**

Values in bold indicate significant results from a paired *t* test (two-tailed; *P* \< 0.05).

SD, standard deviation; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

Of the 155 patients with PD who were studied longitudinally over 18 months using the total MoCA screening cutoff scores, 33 patients (21.3%) moved from normal cognition to MCI; 7 patients (4.5%) moved from MCI to demented; 7 patients (4.5%) and 36 patients (23.2%) stayed in the demented and MCI ranges, respectively; 51 patients (32.9%) remained in the normal cognition range; 21 patients (13.6%) moved from MCI to normal cognition; and none moved from normal cognition to the demented range over the 18-month study period. Using total MMSE screening cutoff scores, 18 patients (11.6%) moved from normal cognition to MCI; 8 patients (5.2%) moved from MCI to demented; 24 patients (15.5%) and 14 patients (9.0%) stayed in the demented and MCI ranges, respectively; 41 patients (26.5%) remained in the normal cognition range; 21 patients (13.6%) moved from MCI to normal cognition; 11 patients (7.1%) moved from normal cognition to the demented range; 15 patients (9.7%) moved from demented to MCI; and 3 patients (1.9%) moved from the demented range to normal cognition.

Discussion
==========

In a well characterized cohort of 486 patients with early PD, we observed that a high proportion already had cognitive impairment in the MCI and dementia range at screening, depending on classification thresholds using the MoCA and the MMSE. Using screening thresholds, the MMSE appeared to be more sensitive than the MoCA in detecting baseline impairment ([Fig. 1](#fig01){ref-type="fig"}). However, the improved sensitivity with the MMSE comes at the likely cost of reduced specificity, because the MMSE, but not the MoCA, classified a significant proportion of healthy controls in the dementia range. Consistent with other studies,[@b6],[@b20],[@b21],[@b23] the MoCA appeared to be more sensitive than the MMSE at diagnostic thresholds, because 3.1% of patients with PD who were classified with normal cognition using the MMSE were impaired according to the MoCA, whereas 0.8% of patients with PD who were classified with normal cognition using the MoCA were impaired according to the MMSE. In addition, 21.3% of controls screened in the MCI range (none were in the demented range) using the MoCA, possibly because we did not prescreen for memory symptoms, and the published normative ranges vary considerably.[@b20],[@b45]

A key aspect of the current study is longitudinal assessment. One other investigation (n = 98 patients) compared longitudinal changes using global measures in PD[@b26] and reported that MMSE scores, but not MoCA scores, changed significantly, particularly with disease duration \> 10 years. Our results, by contrast, suggest that the MoCA may be more sensitive than the MMSE in detecting longitudinal changes and at baseline, in keeping with other studies.[@b6],[@b20],[@b21],[@b23] Furthermore, only one MMSE domain showed deterioration compared with three MoCA domains. Our finding that the semantic domain rather than the phonemic fluency domain may be more sensitive to disease progression is consistent with another investigation that reported similar associations.[@b15] We observed that 25.8% of patients deteriorated across the MoCA classification boundaries, whereas 13.5% improved over 18 months. By comparison, 23.9% deteriorated but 25.2% improved using MMSE thresholds, suggesting a greater degree of misclassification with the MMSE than with the MoCA. In particular, no patients shifted from normal cognition to dementia according to the MoCA, whereas 11 patients had a similar shift according to the MMSE, suggesting either very rapid deterioration or that the MCI range for MMSE may be too narrow to capture the transitional phase. The improvement in cognition seen with both instruments may represent a combination of regression to the mean and/or learning effects observed with repeated cognitive testing or changes in performance due improvement in mood.

The apparent contradictory findings between this study and a previous longitudinal study[@b26] may reflect population differences, because patients in the latter study had longer disease duration than our cohort (mean ± SD, 6.7 ± 5.4 years vs. 1.5 ± 1.0 years), raising the possibility that the MoCA may track cognitive decline better in early PD, whereas the MMSE may be better for tracking patients with longer disease duration. However, this notion is speculative and requires further substantiation. Although the MoCA appeared to be more *sensitive* to change, it is possible that was is due to a greater proportion of false-positives, and only further follow-up of this cohort, which is planned, will confirm or refute this hypothesis.

Consistent with previous studies,[@b46] patients with who screened in the dementia range scored worse on activities of daily living (ADL) scales. We observed a stronger correlation between the S&E scale and UPDRS/Hoehn and Yahr staging, suggesting that motor function has a bigger impact on ADL than cognition. Only modest (albeit significant) reductions were found in the S&E scale when patients with PD in the demented range were compared with those in the non-demented/MCI range, suggesting that an arbitrary cutoff in this ADL scale may not be helpful in distinguishing demented from non-demented patients with PD.

MoCA total scores correlated with the Purdue pegboard total score, the Timed Up and Go test score, educational years, age, the Sniffin' Sticks Odour Identification test score, male gender, and anxiety (Table[3](#tbl3){ref-type="table"}). The Purdue pegboard assembly has excellent test-retest reliability,[@b47] and patients with MCI and early Alzheimer's disease perform worse on such fine motor tasks, indicating that higher level hand motor impairment is an important aspect of elderly cognitive decline[@b48],[@b49] and may also be a sensitive marker of early PD cognitive impairment. Consistent with previous studies,[@b50] worsening motoric parkinsonism predicted impaired cognition in our cohort, although only a slower Timed Up and Go test was a significant predictor in our final model, possibly because it is a more objective marker of gait difficulty. Dementia is a known significant predictor of falls in PD,[@b51],[@b52] and PD fallers have reduced thalamic cholinergic innervation compared with non-fallers.[@b53] Hyposmia is common in PD[@b54]--[@b56] and predicts cognitive decline in elderly[@b57] patients with PD and Alzheimer's disease,[@b58]--[@b60] because it is linked to cholinergic impairment.[@b61],[@b62] Because they are associated with cortical cholinergic denervation,[@b63]--[@b67] depression and anxiety increase the risk of dementia. The correlation between cognitive impairment and motor/non-motor indices in our study may reflect a generalized effect of central cholinergic denervation characterizing prodromal PDD; however, a variety of other neural pathways may also be involved. The findings that reduced educational years, older age, and male gender predict impaired cognition are consistent with previous studies.[@b68]--[@b71]

A limitation of our study is that we examined patients using cognitive screening instruments and did not have a *gold standard* clinical diagnosis or a detailed neuropsychological assessment. Therefore, it is possible that the MoCA *overestimates* MCI and dementia rather than the MMSE under-diagnosing them. We suspect this alternative explanation is unlikely because, if anything, the larger reverse classification observed with the MMSE due to improved scores suggests that it is less specific. However, further follow-up of this cohort is necessary to validate the predictive value of these instruments against a clinical diagnosis. The role of longitudinal testing for level 1 and level 2 diagnostic criteria for PD-MCI and PDD will require future review. Our results are not intended to reflect detailed cognitive subdomains, and further studies comparing the MMSE/MoCA with detailed neuropsychology in the same patients are needed to better delineate the cognitive substrate of PD-MCI. Early detection of cognitive decline, we believe, will be an important strategy for understanding phenotypic heterogeneity and targeting therapies.

We are grateful to the patients and their relatives who took part in the study.

*Derived variables*: In the PD subjects, an estimate of UPDRS motor change per year was calculated by dividing the baseline MDS-UPDRS part 3 score by the number of years of patient-stated motor symptoms. Cases of depression and anxiety on the Leeds scale were defined by a score ≥ 7 points. Hyposmia was defined as ≤ 9 points on the Sniffin score. The Flamingo Balance Test was dichotomised on whether subjects could or could not balance for 30 seconds.

*Sensitivity analyses*: As MoCA is negatively skewed, we undertook two sensitivity analyses; repeating the model using robust standard errors to account for heteroskedasticity and by converting the raw score into a positively skewed variable and then using a log~e~ transformation.

*Exclusion criteria*: Controls were excluded from study analysis if they had any PD family history, past history of stroke, alcohol or drug abuse, a score \< 100% on the Schwab and England disability scale, or extrapyramidal features on neurological examination. Neither PD nor control participants were prescreened for memory symptoms. Thirty-seven control subjects were excluded from subsequent analysis (Schwab and England disability score \< 100% \[n = 20\], stroke \[n = 3\], excessive alcohol history \[n = 9\], presence of subtle parkinsonian features on examination by the clinician \[n = 2\], and family history of PD \[n = 3\]), leaving 141 control subjects for statistical analysis. Educational history was not available in 6 PD patients and 1 control.

*Skewed variables*: For skewed variables, we either transformed (log~e~) them or created quartiles, which were entered into the models either as an ordinal variable (1, 2, 3, 4) assuming linearity or as dummy variables (eg 2 vs. 1, 3 vs. 1, 4 vs. 1), which enabled nonlinear associations to emerge. The best predictors, unless very collinear, were then entered into a multivariable analysis to see if their effect remained independent of the other covariates.
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